Objectives. To examine the effect of patient navigation models on changes in housing status and its subsequent effects on HIV outcomes for 700 people living with HIV (PLWH) who were unstably housed with co-occurring substance use and psychiatric disorders across 9 demonstration sites in the United States between the years of 2013 and 2017.
R ecent data on the progress toward the goals of the National HIV/AIDS Strategy for 2020 found that homelessness rose among people living with HIV (PLWH), from 7.9% to 9.0%, moving away from the objective to reduce homelessness to no more than 5%. 1 This trend is alarming given the strong evidence that stable housing is associated with reduced HIV risk behaviors, increased engagement in care, better adherence to antiretroviral therapy, and improved survival. [2] [3] [4] [5] [6] [7] [8] Finding strategies to reverse this trend is paramount given that housing or shelter is a priority need affecting an estimated one third of out-of-care PLWH. 9 The Health Resources and Services Administration Special Projects of National Significance Initiative "Building Medical Homes for Multiply Diagnosed HIV-Positive Homeless Populations" (HRSA Homeless Initiative) was designed to address the growing unmet need for housing and reduce the disparity in viral suppression rates among PLWH who experience homelessness, in accordance with the National HIV/AIDS Strategy's objective to support comprehensive, coordinated patient-centered care for PLWH. 1, 10, 11 The HRSA Homeless Initiative had 4 primary goals: (1) improve timely entry, engagement, and retention in HIV care and supportive services; (2) build and maintain sustainable linkages to mental health, substance use treatment, and HIV primary care; (3) increase access to stable or permanent housing; and (4) create a patient-centered medical home (PCMH) for PLWH who experience homelessness. Nine sites were funded to create this PCMH and common elements included (1) the use of dedicated navigators or care coordinators ("patient navigators") to outreach and provide intensive individual and system coordination to reduce barriers to care and treatment and address unmet housing, food, and other needs; (2) mobile interdisciplinary care teams or colocation of services in shelter clinics or substance use treatment facilities to increase access to comprehensive HIV care and behavioral health services; and (3) partnerships with housing providers to obtain housing and housing assistance. The intervention was adapted to meet the specific needs of the population served and the local context. Some sites also provided funding for shortterm emergency housing assistance.
Limited evidence exists for the effectiveness of PCMH models on HIV health outcomes for PLWH who experience homelessness. 12 Studies have shown that navigation and case management models can increase engagement in care for PLWH exiting jails or at discharge from hospitalization. [13] [14] [15] [16] For PLWH experiencing homelessness, patient navigators can play a key role in the PCMH by forging relationships with providers, supporting patient selfmanagement of their illness, and assisting with housing stability. 17 We aimed to assess the HRSA Homeless Initiative on housing status and subsequent effects on HIV health outcomes for PLWH who experience homelessness.
METHODS
This was a prospective, nonrandomized study with a convenience sample of PLWH recruited from 9 sites across the United States. Eight sites were located in urban areas, and there was 1 rural site. The host organizational settings were 2 federally qualified community health centers (CommWell Health, Dunn, NC, and Family Health Centers of San Diego, San Diego, CA), 3 public health departments (San Francisco Department of Public Health, San Francisco, CA; City of Pasadena Public Health Department, Pasadena, CA; and Multnomah County Health Department, Portland, OR), 1 comprehensive HIV/AIDS service organization (Prism Health North Texas, Dallas, TX), and 3 outpatient or mobile clinics associated with large university-based or hospital systems (Harris Health System, Houston, TX; University of Florida Center for HIV/AIDS, Research, Education, and Service, Jacksonville, FL; and Yale University School of Medicine, New Haven, CT). All 9 sites were Ryan White Comprehensive Care agencies and provided HIV primary medical services at the time of enrollment.
Eligibility criteria for all sites included PLWH who were (1) aged 18 years or older, (2) history or current diagnosis of a substance use or mental health disorder, and (3) experiencing homelessness or unstable housing as defined by the US Department of Housing and Urban Development. 18 Participants were recruited and screened via referrals from institutions (hospitals and other treatment facilities, jails, prisons), community agencies working with people experiencing homelessness, and review of clinic records for persons who were out of care or had a detectable viral load. Participants were enrolled and followed up to 12 months from September 2013 through February 2017. Data were collected via interview and medical chart review at baseline and 6 and 12 months after enrollment. Those enrolled were able to provide informed written consent for participation.
Intervention
As part of the medical home, patient navigators were clinical and nonclinical professional and peer staff who served as the member of the HIV care team responsible for linking PLWH to housing and health care services. All navigators were trained in principles of harm reduction, trauma-informed care, and motivational-interviewing techniques. Patient navigators provided practical services, such as obtaining IDs to access services, assistance with obtaining federally subsidized cell phones to keep track of appointments, education and support to reduce risk behaviors and promote medication adherence, linkages with private landlords and other social service providers to obtain housing and housing assistance, transportation assistance to medical and social service appointments, and referrals and linkages to substance use and mental health treatment. Patient navigators were distinct from and often worked collaboratively with the HIV medical case manager or a housing case manager. Further details of the intervention have been published elsewhere. 17 
Evaluation
Study staff consented participants into the study and completed an interview on paper or directly into an electronic form by using REDCap version 8.6.4 (Vanderbilt University, Nashville, TN) within 7 days of signing a consent form. Navigators completed daily forms to describe the types of services performed, location of services, and the length of time of the encounters. Study staff also conducted medical chart review to extract data on primary care visits, viral load and CD4 laboratory tests, prescription of antiretroviral therapy, and other comorbidities including psychiatric disorders. Pharmacy records were not available for this study.
To guide our evaluation, we used the Behavioral Health Model for Vulnerable Populations framework to identify the factors that have an impact on the HIV care continuum for our study population. 19 Predisposing factors included sociodemographic factors, length of time being homeless, incarceration in the past 12 months, trauma history, and depression. Enabling resources included insurance status, social support, self-efficacy, barriers to care, and unmet needs for substance use treatment, mental health treatment, transportation, legal assistance, medication assistance, and food insecurity. Need factors reflected baseline severity of illness, physical and mental health functioning, and viral suppression.
Measures
The dependent variables were based on HRSA-defined measures for the HIV care continuum. Linked to care was defined as at least 1 HIV primary care visit within 90 days of enrollment for participants who were newly diagnosed or had been out of care for more than 6 months at the time of enrollment (n = 259). Retained in care was defined as 2 HIV primary medical appointments at least 90 days apart in the 12-month observation period; prescribed antiretroviral therapy in the past 6 months included receipt of existing and new prescriptions; and viral suppression was defined as the final viral load test at less than 200 copies per milliliter in the 12-month observation period.
The independent variable was change in housing status, defined by the type of places stayed in accordance with HRSA-defined criteria. 20 Unstable housing was defined as emergency shelters or staying in public places not meant for human habitation (e.g., street, vehicle, abandoned building), jail or prison, shelter, or living in a hotel or motel for emergency purposes paid for by a program. Temporary housing included staying with friends or family, in a transitional or a temporary setting, a residential treatment facility, a skilled nursing or rehabilitation center, or a motel paid for by oneself. Stable housing included a rented or owned room or apartment paid for by self or permanent supported housing or subsidized housing through Housing Opportunities for Persons With HIV/AIDS (HOPWA) or other subsidy programs. Housing status changes were assessed during the 6-or 12-month follow-up periods. We collapsed changes in housing status from 3 to 2 categories to reflect (1) those who became or remained unstably housed versus (2) those who maintained or improved housing stability (i.e., stayed in temporary housing or moved into stable housing).
Other covariates included the predisposing, enabling, and need factors mentioned previously. Food insecurity was assessed with a dichotomized variable whether a person had barely anything to eat for 2 or more days in the past 30 days. Substance use risk was measured by using the World Health Organization's Alcohol, Smoking and Substance Involvement Screening Test and categorized as low, moderate (problem behavior), or high (addictive behavior). 21 Depression risk was assessed by using the 10-item Center for Epidemiological Studies-Depression Scale, 22 with a score of 10 or greater indicating moderate to severe depression. Social support was assessed with a 5-item scale to examine types of support available in the past 4 weeks with higher scores indicating greater social support.
23 Self-efficacy was measured across 3 domains: (1) ability to obtain health information and resources, (2) ability to get help when needed, and (3) ability to communicate with a health care provider. Each item was scored on a 10-item scale ranging from 1 = "Not confident at all" to 10 = "Totally confident." 24 Unmet need was determined from a list of services needed but unable to obtain during the previous 6 months. Barriers to care included personal, organization, and structural barriers to obtaining HIV primary care. 25 
Data Analysis
Of the 909 clients who were enrolled in the study, this sample included 700 participants with available interview and chart data analyzed for the outcomes of linked to care, retained in care, prescribed antiretroviral therapy, and viral suppression. We first performed univariate and bivariate statistical analyses to describe the characteristics of study participants and associated changes in housing status. We conducted propensity score-based analysis to balance the distributions of baseline variables by change in housing status on HIV health outcomes. Study site and baseline covariates that were associated with the bivariate analyses in housing status (P < .20) were included in the propensity scores. We then used the propensity scores to construct inverse probability weights that were applied in a logistic regression model of each HIV health outcome with the change in housing status. These models accounted for site clustering by using generalized estimating equations with exchangeable working correlation for data sets with a small number of clusters. 26 We conducted all analyses in SAS version 9.4 (SAS Institute, Cary, NC). Table 1 , the majority of participants were male and persons of color (Hispanic or African American/Black), and the mean age was 43 years (SD = 10.5). At baseline, approximately 83% were unstably housed and 33% were recently incarcerated. Moderate to high risk of substance use was reported in 20.6% for opioids, 33.9% for amphetamines, 50.1% for cocaine, and 41.1% for alcohol. Approximately three quarters of participants reported moderate to severe depressive symptoms. Approximately 40% reported experiencing trauma, including physical injury or sexual assault. The average social support score was 11.3 (SD = 5.2), indicating little or some support in the past 4 weeks. Approximately 58% reported barely having food to eat in the past 30 days. Participants reported an average of 3.5 (SD = 2.3) unmet needs for services. The average number of barriers to accessing health care was 3.3 (SD = 3.2). On average, participants had been living with HIV for 11.0 (SD = 8.8) years, and almost half (49.9%) were virally suppressed at baseline. Approximately two thirds (59.6%) were able to transition from unstable housing to more stable housing through either temporary or permanent supportive housing in the postintervention period. Baseline factors significantly associated with becoming stably housed included lower levels of illicit substance use, higher rates of viral suppression, fewer years of experiencing homelessness, lower rates of recent incarceration, fewer unmet needs and barriers to care, greater self-efficacy, and higher social support.
RESULTS
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Overall, 85.3% (n = 259) of participants who were newly diagnosed or out of care were linked to care and, among all participants, 82.9% (n = 688) were retained in care, 79.4% (n = 656) were prescribed antiretroviral therapy, and 72.6% (n = 642) reached viral suppression. Figure 1 describes the HIV care continuum by change in housing status. Participants who stabilized their housing were significantly more likely to be retained in care (86% vs 79%; P = .02), more likely to be prescribed antiretroviral therapy (84% vs 72%; P < .001), and had higher rates of viral suppression (77% vs 66%; P = .002).
In multivariate analysis, participants who achieved stabilized housing were twice as likely to be retained in care (n = 596; adjusted odds ratio [AOR] = 2.12; 95% confidence interval [CI] = 1.11, 4.05), prescribed antiretroviral therapy (n = 570; AOR = 2.06; 95% CI = 1.62, 2.63), and to reach viral suppression (n = 559; AOR = 1.62; 95% CI = 1.03, 2.55) compared with those who became or remained unstably housed after adjusting for other covariates. There were no statistically significant findings between changes in housing stability and being linked to care (n = 208; AOR = 1.81; 95% CI = 0.87, 3.04).
DISCUSSION
This study suggests that patient navigation models are a promising strategy to stabilize housing and improve health outcomes for PLWH who are unstably housed with co-occurring mental health and substance use AJPH OPEN-THEMED RESEARCH This study contributes to and provides additional evidence supporting the role of patient navigation interventions for PLWH who are unstably housed. 28, 29 Buchanan et al. found PLWH who received intensive case management and permanent supportive housing upon hospital discharge had improved survival and improved viral suppression rates. 28 Recent studies of released prisoners with HIV have similarly found that patient navigation services with transitional case management have successfully been associated with linkage to and retention in care, including higher levels of viral suppression. 30, 31 Other studies also found positive associations with case management and adherence to treatment and improvements in CD4 cell counts for PLWH experiencing homelessness. 29 To our knowledge, this study is one of the largest studies of a community-based sample of persons experiencing homelessness and the first to show a positive effect of these interventions on retention in care and viral suppression for this vulnerable population.
We found that, even among those who remained unstably housed, 66% were able to achieve viral suppression. Homelessness is ascribed as a barrier for health care providers in their decision to prescribe antiretroviral therapy 32 ; however, this emerging evidence questions guidelines to defer antiretroviral therapy initiation until a person's housing circumstances are improved. 33 The HRSA mobile care and navigation interventions were able to bring necessary medical care and psychosocial services to those clients to reduce barriers and enhance access to care and treatment regardless of housing status. This study also highlights the need to broaden the HIV care continuum definition of being "in care" to include "bringing care" outside of a brick-and-mortar clinic when working with this population. The results show that navigation services could help to close the gap in health outcomes between stably housed versus unstably housed PLWH.
Limitations
There are limitations to our study. First, although the 9 study sites represented diverse geographic regions, this was a prospective study of a convenience sample of PLWH who were unstably housed. The lack of control or comparison groups does not allow us to assess a direct causal relationship between the HRSA interventions, changes in housing status, and HIV health outcomes. In developing our analysis, we adjusted for baseline characteristics and site only and did not include time-dependent variables. Some Virally suppressed (HIV-1 RNA < 200 copies/mL) 309 (49.9) 106 (42.6) 203 (54.9) .002
Note. CES-D = Center for Epidemiological Studies-Depression Scale. variables could be potential mediators with changes in housing status (i.e., changes in self-efficacy). Second, our analysis was limited to participants who had both chart and survey data, and we recognize that persons who were lost to follow-up may be less likely to return to HIV care and may have poorer health outcomes.
Third, our measure of housing status was self-reported based on types of places stayed in the previous 6 or 12 months between interviews. We were not able to verify the information with housing systems' data. We may be underreporting the rates of unstable housing in the population. Frequently, patient navigators were helping clients with various housing activities so there was validation for clients' housing self-reports at most sites. We were not able to assess other housing factors that are important to consider, including perceptions of safety and housing quality.
Finally, we did not assess for differences in the environmental context, (i.e., housing affordability and availability or rent or income burden) at each site and impact on client outcomes. We accounted for site clustering in our propensity score analysis and in our final models. However, future studies should examine other environmental factors to gain a better understanding of their impact on health outcomes.
Public Health Implications
To achieve improved housing and health outcomes for their clients, the HRSA navigation models prioritized system-wide coordination in addition to intensive individual navigation and care coordination. System collaboration included and extended beyond HIV care providers to reach other local stakeholders, such as hospitals and emergency departments, corrections, health departments, other social services, landlords, and property managers. Methods to enhance system-level coordination included (1) the use of standardized tools for communication, referral systems, and client assessments; (2) regular meetings between health care and housing providers; and (3) emergency housing support. Although we were unable to assess the direct impact of these system changes on study participants' HIV health outcomes, these partnerships likely were contributing factors to our results. Future research studies should attempt to measure and evaluate the effect of system coordination on HIV health outcomes.
For many clients, the lack of housing opportunities is only 1 barrier associated with better HIV health outcomes. Homelessness affects a client's capacity to access many different types of service providers. We found that adaptations to traditional HIV health care and social service delivery models are necessary. Mobile teams and dedicated staff members-such as peer navigators, care coordinators, community health workers, and medical providers, moved beyond clinic walls and were able to engage and retain clients who are unstably housed. These mobile staff are critical members of the HIV workforce for improving HIV health outcomes for vulnerable populations. 34, 35 Even when clients are linked to care and a pathway to housing is offered, we found that a fair proportion (40%) of our sample was unable to access or maintain housing. Reasons included structural factors, such as affordability and availability in the local markets. Personal choice is another factor as some participants reported feeling unsafe in shelters or residential facilities. In some instances, social, mental health, and substance use issues make housing and health care a lowerpriority need. Persons living with HIV who live in community settings may find it hard to leave the social support they have found on the street. It is important for administrators and staff to recognize these scenarios and to create individualized treatment plans that meet the clients' self-defined needs. The HRSA Homeless Initiative offers a framework in which PLWH can get their psychosocial and medical needs met. Although some clients may remain unstably housed, people were still motivated to care for their health. The patient navigator as part of the medical home team supported this motivation by assisting with retention in behavioral health and medical care and adhering to treatment necessary to become or remain virally suppressed.
Providing housing does not immediately change a client's ability to retain housing and reach viral suppression. Previous studies have shown that this transition time to and from homelessness is critical and associated with severity of drug use and mental illness, which affect HIV health outcomes. 36 During this transition, patient navigators can provide emotional, harm-reduction, and life-skills support to the newly housed client. Our study shows that 12 months of intensive support may be sufficient for some PLWH to reach a measure of housing independence and reentry into traditional clinic care, yet a fair proportion need longer support. Even after obtaining permanent housing, a client may need regular check-ins from a patient navigator or similar care team member to continue to access and use medical care and adhere to treatment. Future studies should examine the pathways and mechanisms, including the role of patient navigation services that motivate a person to seek and maintain housing and adhere to treatment.
Conclusions
Our findings indicate that participants were able to improve their housing status and achieve positive outcomes along the HIV continuum of care. By using team-based approaches that included patient navigators and collaborating with housing, HIV primary medical, and behavioral health providers, these programs were able to break down barriers to care. Addressing the unmet need for housing services led to better continuity of care. However, even when PLWHs did not change their housing status, they can achieve viral suppression if given the appropriate level of care navigation and support. These findings suggest that the reorganization of health systems to provide mobile and responsive care can improve housing and health outcomes for PLWH who are at risk for homelessness or housing instability. 
